Diesel fuel and the products of its combustion represent one of the toxins most commonly encountered by people living in both urban and rural areas of the world. As nations become more heavily populated, there will be increasing reliance on diesel fuel to power mass transportation and commercial vehicles, as well as heavy machinery involved in construction, farming, and mining. The majority of patients who present to urban primary care clinics and emergency departments will have had significant chronic exposure to diesel exhaust because most use and/or live near busy streets and highways. Furthermore, those who operate or work or live near diesel-powered machinery will have even more toxic exposure. Primary care physicians should be aware of the acute and chronic deleterious clinical effects of diesel exhaust. In this article we review the toxicity and myriad health problems associated with diesel exhaust.
In this window In a new window and illness. Here we review the myriad health problems associated with this commonly encountered substance. 
Diesel Exhaust Composition
There are many components of diesel exhaust, including (1) carbon monoxide and carbon dioxide; (2) nitrogen oxides; (3) sulfur oxides; (4) hydrocarbons; (5) unburned carbon particles (soot); and (6) water. Exhaust from diesel engines is considered to contribute to more than 50% of ambient particulate matter with a mass median aerodynamic diameter less than 10 μm (PM10), greatly contributing to overall air pollution. For fine particulate matter with a diameter below 2.5 μm (PM2.5) and ultra-fine particles with a diameter below 0.1 μm, this contribution is even higher. These carbon particles are small enough to be inhaled and deposited in the lungs but have a large surface area. Organic compounds from diesel exhaust with known toxic and carcinogenic properties, such as polycyclic aromatic hydrocarbons (PAH), adhere easily to the surface of the carbon particles and are carried deep into the lungs. The majority of these particles tend to be found in the greatest concentration within the immediate vicinity of busy streets or highways.
Diesel engines emit other toxic compounds in disproportionately higher concentrations than gasoline engines, including nitrogen oxides, sulfur oxides, ozone, formaldehyde, benzene, and smaller organic molecules. Diesel engines also produce 26% of the total nitrogen oxides in outdoor air. Nitrogen oxides are a major contributor to ozone production and smog. More attention has been focused on the hundreds of different types of organic molecules created from the high-compression ratios of diesel engines because many are highly toxic. A summary of the composition of diesel exhaust and its biological effects are detailed in Table 2 . Diesel exhaust induces heart rate variability, ventricular arrhythmia, a significant decrease in left-ventricular systolic pressure, and an increase in left-ventricular end-diastolic pressure in animal models.
It is postulated that DEP produces superoxide radicals, which cause irreversible myocardial damage leading to cardiac arrest.
DEPs also have been shown to induce immunoglobulin E synthesis and cause histamine release. Histamine is a potent coronary vasoconstrictor and platelet and thrombin activator, and it up-regulates P-selectin on endothelial cell A high incidence of serious cardiac arrhythmias was noted in patients with implanted cardioverter defibrillators who had significant exposure to air pollution. Zanobetti and Schwartz reported that diabetics have twice the risk of ACS-related admission because of particulate air pollution exposure.
Another study from Finland found that patients undergoing serial cardiac exercise testing had a higher incidence of ST-segment depression during days of high particulate air pollution. Progression of atherosclerosis has also been linked to air pollution exposure.
Occupational hazards may also be a factor in development of coronary artery disease. Finkelstein et al, after controlling for smoking, reported higher incidence of ischemic heart disease in heavy equipment operators chronically exposed to DEPs. It may then be important for primary care physicians to inquire about occupational or environmental exposure to diesel exhaust from patients presenting with chest pain and dyspnea. For patients whose ACS was indeed precipitated by acute exposure to diesel exhaust, it will be important to counsel them about avoiding diesel fumes in the future.
Pulmonary Effects
DEPs have been demonstrated to increase the production of inflammatory cytokines such as interleukin 1β, interleukin 8, and granulocyte-macrophage colony-stimulating factor from cyclo-oxygenase stimulation in bronchial epithelial cells.
This in turn results in decreased adhesion between cells, Visits to the emergency department for pulmonary complaints have been shown to increase during periods of severe air pollution. One possible explanation is DEPs combining with atmospheric allergenic molecules to create even more inflammatory allergens. Admission rates for pediatric asthma exacerbation have been shown to be higher in areas with greater-thanaverage diesel emissions. DEPs have been shown to directly induce degranulation of mast cells with subsequent histamine release. A more recent case-control study of occupational diesel exhaust exposure in Montreal, Quebec, Canada found a limited association with lung cancer in both smokers and nonsmokers.
Gustavsson et al reported that workers exposed to combustion products had a higher incidence of esophageal cancer. In a study by Guo 
Perinatal Health and Infertility
Several worldwide studies have linked diesel exhaust exposure to low birth weight in infants, premature births, congenital abnormalities, and elevated infant mortality rate. DEPs caused a significant decrease in adult sperm production and a diminished number of Sertoli cells in an animal model.
Other studies have shown aberration of sex hormone production and effect in chronically exposed female rats, with increased levels of testosterone and subsequent masculinization. Pregnant rats exposed to DEPs had higher rates of spontaneous abortions. There are few human epidemiologic studies, but one study demonstrated a negative effect of DEPs on human sperm motility.
Another compound isolated from DEPs, 4-nitrophenol (PNP), has been identified as a vasodilator. One study group demonstrated that PNP has estrogenic and antiandrogenic activities in vivo, leading to sterility. The accumulation of PNP in air, water, and soil may be one factor in the increasing incidence of sterility in humans and animals, but epidemiologic studies are pending.
The Future
In Individual states are also implementing "No Idling" policies with regard to diesel-powered vehicles that are not in active use.
Conclusions
As populations continue to grow worldwide, the expansion of mass transportation and the construction of new buildings for housing and commerce will occur concomitantly. Until alternative energy sources are fully developed and implemented, reliance on diesel fuel will increase. Acute and chronic exposure to diesel exhaust will continue to be a problem in the United
States. This will ultimately increase the number of patients presenting to urban primary care clinics and emergency departments with cardiopulmonary disease, neurological disorders, and adverse perinatal events. If new regulations and technology to reduce DEP emissions are fully implemented and prove to be effective, this outcome may be averted. The omnipresence of diesel exhaust in urban areas may lead the clinician to preclude its query in the patient's history.
A plethora of unexplained signs and symptoms may be caused by diesel exposure ( Table 3 ). Although no specific screening guidelines exist, primary care physicians should question patients about potential exposure to diesel exhaust and be familiar with its myriad deleterious health effects. Table 3 .
Unexplained signs and symptoms and potential diesel exhaust exposure
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